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© Pattern exposing method using phase shift and mask used therefor. 



© A pattern exposing method forms a predeter- 
mined resist pattern (41 , 42, 42A) on a substrate (5) 
by exposing a first resist layer (39) which is formed 
on the substrate (5) using a first reticle (6) which 
includes a first pattern for exposing a first cor- 
responding pattern on the first resist layer by use of i°) 
a phase shift of light transmitted through the first 
reticle, developing the exposed first resist layer (39), 
exposing a second resist layer (40) which is formed 
on the entire surface of the substrate (5), including a 
top of the first resist layer (39), using a second 
reticle (6, 14) which has a second pattern for expos- 
ing a second corresponding pattern on the second 
resist layer by use of light transmitted through the 
second reticle, where the second corresponding pat- 
tern overlaps at least a part of the first correspond- 
ing pattern, and developing the second resist layer 
(40) so that a part of the first corresponding pattern 
is removed by the second corresponding pattern and t c > 
the predetermined resist pattern (41, 42, 42A) is 
formed. 



FIG. I 
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BACKGROUND OF THE INVENTION 

The present invention generally relates to pat- 
tern exposing methods and masks used therefor, 
and more particularly to a pattern exposing method 5 
which forms a resist pattern for the purpose of 
producing a semiconductor device and to a mask 
which is used for such a pattern exposing method. 

Recently, the operation speed and integration 
density of semiconductor devices have increased w 
considerably, and the size of the semiconductor 
devices has been reduced accordingly. For this 
reason, there are demands to form a fine pattern 
exceeding a resolution limit of the conventional 
patterning apparatus using an optical system, that is 
is, the resolution limit of an imaging optical system 
of a wafer stepper, for example. 

First, a description will be given of the general 
operation of a conventional demagnification projec- 
tion exposure apparatus, by referring to FIG.1. 20 

A light from a light source such as a mercury 
lamp is irradiated on a reticle 1. The reticle t has a 
reticle pattern in which a chromium (Cr) light bloc- 
king layer 3 is formed on a glass substrate 2, so as 
to expose a hole having a rectangular shape cor- 25 
responding to the rectangular shape of the light 
blocking layer 3. The reticle pattern is reduced by 
a demagnification projection lens 4 and is image on 
a wafer 5 so as to expose a positive resist on the 
wafer 5. 30 

FIG. 2 is a diagram for explaining the light in- 
tensity of the exposure light on the positive resist. 
FIG. 2 (a) shows a partial cross section of the reticle 
1. FIG.2 (b) shows the light amplitude distribution 
on the positive resist of the wafer 5 for the case 35 
where the exposure is made using the reticle 1. 
FIG.2 (c) shows the light intensity distribution on 
the positive resist of the wafer 5 for the case where 
the exposure is made using the reticle 1 . 

When the exposure is made by the light trans- m. 
mitted through the reticle 1 having the rectangular 
light blocking layer 3, the light intensity distribution 
on the positive resist of the wafer 5 has a negative 
peak having a relatively gradual slope. Hence, it is 
impossible to form a fine pattern which has a 4s 
narrow width using such a light intensity distribu- 
tion. In order to form a fine pattern which has a 
narrow width, it is necessary to make the slope of 
the negative peak sharper than that of the light 
intensity distribution shown in FIG.2 (c). 50 

For example, if the exposure light is an i-line 
having a wavelength of 0.365 urn and the numeri- 
cal aperture of the optical system is 0.50, the 
resolution limit is approximately 0.4 urn. 

The slope of the negative peak of the light 55 
intensity distribution shown in FIG.2 (c) is depen- 
dent on the resolution of the imaging optical sys- 
tem. The resolution of the imaging optical system 



is determined by the exposure wavelength, the 
numerical aperture, the inconsistent performance of 
each individual lens itself and the like. 

Accordingly, when the conventional demag- 
nification projection exposure apparatus is used, it 
is impossible to form a fine hole which exceeds the 
resolution limit of the imaging optical system, and 
there is a problem in that the conventional demag- 
nification projection exposure apparatus cannot 
cope with the patterns of the semiconductor de- 
vices which are becoming finer as the integration 
density is improved. 

In order to eliminate the above described prob- 
lem, the so-called phase shift method has been 
proposed. According to the phase shift method, the 
phase of the light transmitted through the reticle is 
shifted by a phase shift layer, so as to improve the 
resolution and contrast of the exposed image on 
the resist. 

FIG.3 shows the imaging optical system of the 
demagnification projection exposure apparatus and 
the reticle used when carrying out the phase shift 
method. In FIG.3, those parts which are the same 
as those corresponding parts in FIG.1 are des- 
ignated by the same reference numerals, and a 
description thereof will be omitted. 

In FIG.3, a phase shift reticle 6 is used in place 
of the reticle 1 shown in FIG.1. The phase shift 
reticle 6 is made up of the glass substrate 2 and a 
phase shift layer 7 which is formed on the glass 
substrate 2. 

FIG.4 is a diagram for explaining the light in- 
tensity of the exposure light on the positive resist 
when the phase shift reticle 6 is used. FIG.4 (a) 
shows a partial cross section of the phase shift 
reticle 6. The pattern which is to be exposed is 
formed by an edge part of the phase shift layer 7 
which is formed on the glass substrate 2 of the 
phase shift reticle 6. A transmitted light 8' which 
has passed through the glass substrate 2 and the 
phase shift layer 7 has a phase which is shifted by 
180* (tt) with respect to a transmitted light 8 which 
has passed through only the glass substrate 2. 

FIG.4 (b) shows the light amplitude distribution 
on the resist of the wafer 5 when the exposure is 
made using the phase shift reticle 6. As shown, the 
light amplitude becomes zero at a position of the 
resist corresponding to the edge part of the phase 
shift layer 7, and the light amplitude sharply re- 
verses on both sides of the edge part. 

FIG.4 (c) shows the light intensity distribution 
on the resist of the wafer 5 when the exposure is 
made using the phase shift reticle 6. Because the 
light intensity is proportional to the square of the 
light amplitude, the light intensity sharply becomes 
zero at a position of the resist corresponding to the 
edge part of the phase shift layer 7. Accordingly, it 
is possible to form on the resist a fine line-and- 
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space pattern which has satisfactory resolution and 
contrast. 

An example of a fine pattern formed by the 
phase shift method will be described with reference 
to FIG. 5. FIG. 5 (a) shows a plan view of the phase 
shift reticle 6 which has a square phase shift layer 
7. FIG.5 (b) shows a fine resist pattern 10 which is 
formed by the edge part of the phase shift layer 7 
of the phase shift reticle 6 shown in FIG.5 (a). As 
shown in FIG.5 (b), the fine resist pattern 10 is 
formed at the side part of the square, that is, along 
a part on the resist corresponding to the edge part 
of the phase shift layer 7. 

On the other hand, the phase shift layer 7 may 
be arranged in a checker board pattern in the plan 
view as shown in FIG.6 (a). When the phase shift 
reticle 6 having the phase shift layer 7 shown in 
FIG.6 (a) is used for the exposure, it is possible to 
form a resist pattern 10 which has edges with a 
fine contrast over a relatively large area as shown 
in FIG.6 (b). 

However, when the phase shift reticle 6 de- 
scribed above is used for the exposure, it is impos- 
sible to pattern a cut part indicated by a dotted line 
in FIG.5 (b). In other words, the edge part of the 
phase shift layer 7 inevitably takes a closed con- 
tour (or loop), and there is a problem in that the 
actual patterns of integrated circuits (ICs) cannot 
be formed using the phase shift reticle 6. 

Accordingly, in order to overcome this problem 
of the phase shift method, a modified method has 
been previously proposed to form the resist pattern 
using a phase shift reticle which has two kinds of 
phase shift layers as shown in FIG. 7. FIG.7 (a) 
shows a plan view of the resist pattern which is to 
be formed. 

FIG.7 (b) shows a plan view of the previously 
proposed phase shift reticle 6. This phase shift 
reticle 6 has the phase shift layer 7 for shifting the 
phase of the exposure light by 180* (tt) at the 
edge part which is used for the pattern forming, 
and a phase shift layer 12 for shifting the phase of 
the exposure light by 90" (W2). This phase shift 
layer 12 is provided adjacent to the phase shift 
layer 7 at a part where no pattern forming is made, 
that is, at a part where the pattern is to be cut. A 
region indicated by hatchings in FIG.7 (b) is the 
region of the phase shift layer 7 which shifts the 
phase of the exposure light by 180". On the other 
hand, a region indicated by dots in FIG.7 (b) is the 
region of the phase shift layer 12 which shifts the 
phase of the exposure light by 90*. Unmarked 
regions other than the hatched and dotted regions 
are the regions of the glass substrate 2. 

By appropriately setting the exposure condition 
or the developing condition of the resist, only the 
edge part formed by the phase shift layer 7 and 
the glass substrate 2 as shown in FIG.7 (c). Other 



parts, that is, the edge part formed by the phase 
shift layers 7 and 12 and the edge part formed by 
the phase shift layer 12 and the glass substrate 2, 
are not patterned. The edge part formed by the 

s phase shift layer 12 and the glass substrate 2 is 
indicated by a dotted line in FIG.7 (c). 

However, this previously proposed modified 
phase shift method has a problem in that it is 
extremely difficult in actual practice to realize the 

io phase shift reticle 6 having the phase shift layers 7 
and 12 which are finely shaped as described. Ac- 
cordingly, there are demands to realize a more 
feasible phase shift method which can form fine 
resist patterns and to realize a mask suitable for 
15 carrying out such a phase shift method. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
20 present invention to provide a novel and useful 
pattern exposing method and a mask used there- 
for, in which the problems described above are 
eliminated and the above described demand is 
satisfied. 

25 Another and more specific object of the 

present invention is to provide a pattern exposing 
method for forming a predetermined resist pattern 
on a substrate, comprising the steps of (a) expos- 
ing a resist layer which is formed on the substrate 

30 using a first reticle which includes a first pattern for 
exposing a first corresponding pattern on the resist 
layer by use of a phase shift of light transmitted 
through the first reticle, (b) exposing the resist 
layer using a second reticle which has a second 

35 pattern for exposing a second corresponding pat- 
tern on the resist layer by use of light transmitted 
through the second reticle, where the second cor- 
responding pattern overlaps at least a part of the 
first corresponding pattern, and (c) developing the 

40 resist layer so that a part of the first corresponding 
pattern is removed by the second corresponding 
pattern and the predetermined resist pattern is 
formed. According to the pattern exposing method 
of the present invention, it is possible to form 

45 extremely fine patterns and holes which exceed the 
resolution limit of the imaging optical system and 
could not be formed by the conventional tech- 
niques. 

Still another object of the present invention is 
so to provide a pattern exposing method for forming a 
predetermined resist pattern on a substrate, com- 
prising the steps of (a) exposing a first resist layer 
which is formed on the substrate using a first 
reticle which includes a first pattern for exposing a 
55 first corresponding pattern on the first resist layer 
by use of a phase shift of light transmitted through 
the first reticle, (b) developing the exposed first 
resist layer, (c) forming a second resist layer on 
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the entire surface of the substrate including a top 
of the first resist layer, (d) exposing the second 
resist layer using a second reticle which has a 
second pattern for exposing a second correspond- 
ing pattern on the second resist layer by use of 5 
light transmitted through the second reticle, where 
the second corresponding pattern overlaps at least 
a part of the first corresponding pattern, and (e) 
developing the second resist layer so that a part of 
the first corresponding pattern is removed by the 10 
second corresponding pattern and the predeter- 
mined resist pattern is formed. According to the 
pattern exposing method of the present invention, it 
is possible to form extremely fine patterns and 
holes which exceed the resolution limit of the imag- 15 
ing optical system and could not be formed by the 
conventional techniques. 

A further object of the present invention is to 
provide a pattern exposing method for forming a 
predetermined resist pattern on a substrate, com- 20 
prising the steps of (a) exposing a resist layer 
which is formed on the substrate using a reticle 
which includes a pattern for exposing a corre- 
sponding pattern on the resist layer by use of a 
phase shift of light transmitted through the reticle, 25 
where the pattern of the reticle is defined by a 
phase shift layer formed on a transparent reticle 
substrate and having first and second phase shift 
parts, and (b) developing the resist layer so that 
the predetermined resist pattern is formed on the 30 
substrate, where the step (a) exposes the cor- 
responding pattern on the resist layer using edge 
parts of the first and second phase shift parts, the 
first phase shift part has a width such that a closed 
ring pattern is exposed by the edge parts thereof, 35 
and the second phase shift part has a width nar- 
rower than that of the first phase shift part so that 
patterns exposed by the edge parts thereof overlap 
in the form of a single line pattern. According to the 
pattern exposing method of the present invention, it 40 
is possible to form extremely fine resist patterns 
having various shapes. 

Another object of the present invention is to 
provide a mask for use in exposing a predeter- 
mined pattern on a resist layer which is formed on 45 
a substrate using a shift in phase of light transmit- 
ted through the mask, comprising a transparent 
reticle substrate, and a phase shift layer formed on 
the transparent reticle substrate and having first 
and second phase shift parts, where the first and so 
second phase shift parts have edge parts defining 
the predetermined pattern which is exposed on the 
resist layer, the first phase shift part has a width 
such that a closed ring pattern is exposed by the 
edge parts thereof, and the second phase shift part 55 
has a width narrower than that of the first phase 
shift part so that patterns exposed by the edge 
parts thereof overlap in the form of a single line 



pattern. According to the mask of the present in- 
vention, it is possible to expose extremely fine 
resist patterns having various shapes. 

Other objects and further features of the 
present invention will be apparent from the follow- 
ing detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG.1 is a diagram for explaining a first embodi- 
ment of a pattern exposing method according to 
the present invention 

FIG.2 is a diagram for explaining an exposure 
light intensity on a resist using the conventional 
reticle; 

FIG.3 generally shows an imaging optical sys- 
tem of a conventional demagnification projection 
exposure apparatus using a phase shift method 
and a conventional phase shift reticle; 
FIG.4 is a diagram for explaining an exposure 
light intensity on a resist of the conventional 
phase shift reticle; 

FIG. 5 is a diagram for explaining a resist pattern 
formed by the conventional phase shift reticle; 
FIG. 6 is a diagram for explaining another resist 
pattern formed by the conventional phase shift 
reticle; 

FIG. 7 is a diagram for explaining a previously 
proposed modified phase shift method using a 
phase shift reticle having two kinds of phase 
shift layers; 

FIG. 8 generally shows an imaging optical sys- 
tem of a conventional demagnification projection 
exposure apparatus and a conventional reticle; 
FIG.9 is a diagram for explaining the first em- 
bodiment when cutting a pattern; 
FIG.1 0 is a diagram for explaining a second 
embodiment of the pattern exposing method ac- 
cording to the present invention; 
FIG.1 1 is a diagram for explaining a third em- 
bodiment of the pattern exposing method ac- 
cording to the present invention; 
FIG.1 2 is a diagram for explaining a fourth em- 
bodiment of the pattern exposing method ac- 
cording to the present invention; 
FIGS. 13 and 14 are diagrams for explaining a 
fifth embodiment of the pattern exposing meth- 
od according to the present invention; 
FIG.1 5 is a diagram for explaining a sixth em- 
bodiment of the pattern exposing method ac- 
cording to the present invention; 
FIG.1 6 is a diagram for explaining a seventh 
embodiment of the pattern exposing method ac- 
cording to the present invention; 
FIG.1 7 is a diagram for explaining an eighth 
embodiment of the pattern exposing method ac- 
cording to the present invention; 
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FIGS. 18 and 19 are diagrams for explaining a 
ninth embodiment of the pattern exposing meth- 
od according to the present invention; 
FIG. 20 is a diagram for explaining a tenth em- 
bodiment of the pattern exposing method ac- 5 
cording to the present invention; 
FIG. 21 is a diagram for explaining an eleventh 
embodiment of the pattern exposing method ac- 
cording to the present invention; and 
FIG .22 is a diagram for explaining a twelfth 10 
embodiment of the pattern exposing method ac- 
cording to the present invention. 

DESCRIPTION OF THE PRE FERRED EMBODI- 
MENTS " , 5 

A description will be given of a first embodi- 
ment of a pattern exposing method according to 
the present invention, by referring to FIG. . 

FIG.1 (a) shows a plan view of a phase shift 20 
reticle 6 which is used in this embodiment. A 
phase shift layer 7 is formed on a glass substrate 
2, similarly as in the conventional case where the 
resist pattern shown in FIG.7 (a) is to be formed. 
The optical system shown in FIG.3 is used to make 25 
a first demagnification projection exposure on a 
positive resist which is formed on a wafer 5 (not 
shown in FIG.1) using the phase shift reticle 6. 
During this first exposure, an edge part A which is 
indicated by a bold line in FIG.1 (a) is also exposed 30 
although this edge part A should not be exposed. 

Next, a second demagnification projection ex- 
posure is made using a reticle 14 which has an 
opening 16 formed in a Cr light blocking layer 18 
on a glass substrate 2, as shown in FIG.1 (b). Non- 35 
exposed parts 20, 22 and 24 which are not ex- 
posed during the first exposure exist on the resist 
at parts corresponding to the edge part of the 
phase shift layer 7. Out of these non-exposed parts 
20, 22 and 24, the non-exposed part 20 is exposed 40 
during the second exposure. The opening 16 is 
provided in the reticle 14 in order to expose this 
non-exposed part 20. 

The second exposure is made similarly to the 
demagnification projection exposure described 45 
above with reference to FIG.8, after aligning the 
reticle 14 to the resist pattern which is formed by 
the first exposure. When the second exposure is 
made, the positive resist on the wafer 5 at a part 
corresponding to an area within the opening 16 of 50 
the reticle 14 is exposed twice and is thus removed 
by a developing process which is carried out there- 
after. As a result, a resist pattern corresponding to 
the edge part A which is indicated by the bold line 
in FIG.1 (a) is not formed, and the resist pattern is 55 
cut at a predetermined position as indicated in 
FIG.1 (c). 



Next, a description will be given of the matters 
to be considered in this embodiment, such as the 
alignments of the phase shift reticle 6 used during 
the first exposure and the reticle 14 used during 
the second exposure, by referring to FIG.9. 

FIG.9 (a) is a diagram for explaining a mini- 
mum width to be cut and the like to be considered 
when cutting the resist pattern in this embodiment. 
When cutting in two exposures a pattern 30 and a 
pattern 32 which are non-exposed parts before the 
resist is developed, a minimum width B to be cut 
must be made larger than the resolution which is 
determined by the normal reticle 14 which uses an 
opening in the light blocking layer for the exposure 
and the conventional imaging optical system shown 
in FIG.8. In addition, a distance C from an edge of 
the pattern 32 to a contact hole forming part 36, for 
example, must be determined by taking into ac- 
count not only the above resolution but also an 
alignment error of the reticle 14. A distance from 
an edge of the pattern 30 to a contact hole forming 
part 34 must be determined similarly. Furthermore, 
a pattern width of the fine pattern which is actually 
formed spreads by approximately 0.1 urn from the 
edge of the phase shift layer 7, and this spread is 
approximately proportional to a value X/NA of the 
optical system, where X denotes the wavelength of 
the exposure light and NA denotes the numerical 
aperture of the optical system. 

In other words, a width G of a contact part of 
the pattern 32 which is exposed on the resist as 
shown in FIG.9 (c) is greater than a width F of an 
edge part forming the contact part as shown in 
FIG.9 (b). In addition, an alignment error of the two 
reticles 6 and 14 is approximately 0.15 urn. This 
alignment error depends on the accuracy of the 
mask and the accuracy of the alignment mecha- 
nism. Accordingly, when aligning the phase shift 
reticle 6 and the reticle 14, it is necessary to set a 
distance D between an edge of the contact part 
forming part of the phase shift layer 7 of the phase 
shift reticle 6 and a corresponding edge of the 
opening 16 of the reticle 14 to approximately 0.1 to 
0.25 am, so that the edge part of the contact part 
of the pattern 32 on the resist will not be removed 
by the second exposure which uses the reticle 14. 

By making the first and second exposures us- 
ing the two kinds of reticles, namely, the phase 
shift reticle 6 and the reticle 14, it becomes possi- 
ble to easily form an extremely fine resist pattern 
shown in the plan view of FIG.9 (a). 

Next, a description will be given of a second 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG. 10. In FIG.1 0, those parts which are the same 
as those corresponding parts in FIG.1 are des- 
ignated by the same reference numerals, and a 
description thereof will be omitted. 
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In this embodiment, the resist pattern is ba- 
sically formed similarly to the first embodiment. 
The difference between the first and second em- 
bodiments is that, the resist pattern formed by the 
second embodiment has a plurality of cuts, as in 
the case of the actual patterns used in the semi- 
conductor device. 

FIG.10 (a) shows a plan view of the phase shift 
reticle 6 which is used for the first exposure and 
the reticle 14 which is used for the second expo- 
sure in an overlapped state. In FIG.10 (a), a part 
surrounded by a dotted line corresponds to an area 
which is exposed by the second exposure using 
the opening 1 6. 

FIG.10 (b) shows a completed pattern 10 which 
is completed by cutting appropriate parts of the 
pattern which is formed by the edge part of the 
phase shift layer 7 of the phase shift reticle 6 
shown in FIG.10 (a) during the first exposure by the 
making the second exposure using the opening 16 
of the reticle 14. As may be readily understood 
from the description above, it is possible to form an 
extremely fine resist pattern having a plurality of 
cuts using the double exposure. 

Next, a description will be given of a third 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG.11. In FIG.11, those parts which are the same 
as those corresponding parts in FIG.10 are des- 
ignated by the same reference numerals, and a 
description thereof will be omitted. 

In this embodiment, the resist pattern is ba- 
sically formed similarly to the second embodiment. 
In other words, the resist pattern formed by the 
third embodiment has a plurality of cuts, as in the 
case of the actual patterns used in the semicon- 
ductor device. 

FIG.11 (a) shows a plan view of the phase shift 
reticle 6 which is used for the first exposure and 
the reticle 14 which is used for the second expo- 
sure in an overlapped state. In FIG.11 (a), a part 
surrounded by a dotted line corresponds to an area 
which is exposed by the second exposure using 
the opening 1 6. 

FIG.11 (b) shows a completed pattern 10 which 
is completed by cutting appropriate parts of the 
pattern which is formed by the edge part of the 
phase shift layer 7 of the phase shift reticle 6 
shown in FIG.11 (a) during the first exposure by the 
making the second exposure using the opening 1 6 
of the reticle 14. As may be readily understood 
from the description above, it is possible to form an 
extremely fine resist pattern having a plurality of 
cuts using the double exposure. 

When forming a circuit pattern having a large 
integration density, the resist pattern becomes 
complex as shown in FIG.11 (b). Hence, the edges 
of the phase shift layer 7 of the phase shift reticle 6 



which is used during the first exposure become 
very close to each other. In addition, the number of 
parts where the resist pattern must be cut is large. 
However, as long as the phase shift reticle 6 used 
5 for the first exposure and the reticle 14 used for the 
second exposure are aligned correctly, it is possi- 
ble to easily cut the resist pattern at the large 
number of parts using the double exposure be- 
cause the opening 16 in the light blocking layer 18 
w of the reticle 14 can be formed without difficulties 
using the existing technique. 

As the line width of the pattern becomes finer, 
the pitch of the circuit patterns becomes narrower. 
However, it is possible to easily cope with this 
75 situation by the reticle 14 which is used for the 
second exposure and has the opening 1 6 formed in 
the light blocking layer 18 thereof. In the previously 
proposed modified phase shift method described 
above with reference to FIG. 7 which requires two 
20 kinds of phase shift layers to be formed on the 
single substrate, it is extremely difficult technically 
to make a phase shift reticle on which a plurality of 
phase shift layers 7 and 12 coexist, thereby making 
this method unsuited for practical use. But accord- 
25 ing to this embodiment, both the phase shift reticle 
6 and the reticle 1 4 can be made with a sufficiently 
high accuracy using the existing techniques. 

In the embodiments described above, the 
phase shift layer is formed on the glass substrate 
30 in a closed region which is surrounded by the edge 
part of the phase shift layer. However, this arrange- 
ment may be reversed so that the glass substrate 
forms the closed region and the phase shift layer is 
formed in a region other than the closed region of 
35 the glass substrate. 

In addition, the phase shift reticle used for the 
first exposure is not limited to that used in the first 
through third embodiments. Although the embodi- 
ments use the phase shift reticle which has the 
40 phase shift layer and no light blocking layer to 
make the phase shift, it is possible to use other 
types of phase shift reticles such as a phase shift 
reticle employing the so-called Levenson type 
phase shift. 

45 Therefore, according to the first through third 

embodiments, it is possible to form an extremely 
fine pattern which exceeds the resolution limit of 
the imaging optical system and could not be 
formed by the conventional techniques. 

so Next, a description will be given of a fourth 

embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG. 12. In this embodiment, a resist pattern is 
formed for use in forming an extremely fine hole of 

55 the semiconductor device. More particularly, this 
embodiment uses the phase shift reticle 6 to form 
on a negative resist a resist pattern having a fine 
rectangular hole. 
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FIG.12 (a) shows a plan view of the phase shift 
reticle 6 which has the phase shift layer 7 formed 
on the glass substrate 2. This phase shift reticle 6 
may be the phase shift reticle 6 shown in FIG. 4, for 
example. 5 

In FIG.12 (b) which shows a partial cross sec- 
tion of the wafer 5, a negative resist 39 is formed 
on the wafer 5 and a first demagnification projec- 
tion exposure is made using the phase shift reticle 
6 shown in FIG.12 (a). The negative resist 39 is io 
developed after the first exposure, and a fine space 
pattern shown in FIG.12 (b) is formed in the nega- 
tive resist 39 by the edge pattern of the phase shift 
layer 7 of the phase shift reticle 6 shown in FIG.12 
<*>■ , 5 

Then, a negative resist 40 is formed on the 
entire top surface of the wafer 5 as shown in 
FIG.12 (c). 

Next, a phase shift reticle 6 shown in FIG.12 
(d) having a pattern which is rotated by 90* with 20 
respect to the phase shift reticle shown in FIG.12 
(a) is used to make a second demagnification pro- 
jection exposure. By developing the negative resist 
40 after the second exposure, a fine space pattern 
is formed in the negative resist 40 by the edge 25 
pattern of the phase shift layer 7 of the phase shift 
reticle 6 shown in FIG.12 (d). 

As a result, the fine space pattern formed in 
the negative resist 39 and the fine space pattern 
formed in the negative resist 40 intersect per- 30 
pendicuiarly to each other, and a fine rectangular 
hole 41 shown in FIG.12 (e) is formed at the 
intersection. 

For example, if the exposure light is the Mine 
and the numerical aperture of the optical system is 3s 
0.5, it is possible to make each side of the fine 
rectangular hole 41 approximately 0.2 nm. There- 
fore, by enabling the formation of such a fine hole, 
it becomes possible to further improve the integra- 
tion density of semiconductor devices. 40 

According to this embodiment, it is possible to 
sharpen the negative peak of the light intensity 
distribution on the resist by using the phase shift 
reticles 6 and making the first and second expo- 
sures. In other words, the line-and-space having a 45 
satisfactory resolution and contrast in the X direc- 
tion and the line-and-space having a satisfactory 
resolution and contrast in the Y direction are 
formed by two independent exposures, and it is 
possible to form at the intersection of the two line- 50 
and-spaces a fine rectangular hole which cannot be 
formed by the existing technique using only one 
exposure. Therefore, the fine rectangular hole 
which is formed has sharp edges and the corners 
of the hole do not become rounded. 55 

Next, a description will be given of a fifth 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 



FIGS. 13 and 14. 

FIG. 13 (a) shows a plan view of a phase shift 
reticle 6 which is used in this embodiment. As 
shown, this phase shift reticle 6 has the regions 
where only the glass substrate 2 exist and the 
regions where the phase shift layer 7 is formed, in 
an alternate manner along the X and Y directions. 

By forming the negative resist 39 on the wafer 
5 and making a first demagnification projection 
exposure using the phase shift reticle 6 shown in 
FIG. 13 (a) and developing the negative resist 39 
after this first exposure, a fine space pattern 42 
shown in FIG.13 (b) is formed by the edge pattern 
of the phase shift layer 7 of the phase shift reticle 6 
shown in FIG.13 (a). 

Next, the negative resist 40 is formed on the 
entire top surface of the wafer 5. Thereafter, the 
phase shift reticle 6 shown in FIG.13 (a) or the 
wafer 5 is moved as indicated by a dotted line in 
FIG. 14 (a) so that the pattern of the phase shift 
reticle 6 shown in FIG.13 (a) is relatively shifted by 
x1 in the +X direction and by y1 in the -Y direction 
with respect to the wafer 5. From the point of view 
of improving the throughput of the lithography pro- 
cess, the above relative shift is desirably carried 
out by keeping the phase shift reticle 6 fixed and 
moving an X-Y stage which carries the wafer 5 and 
forms a part of the exposure apparatus. 

Then, a second demagnification projection ex- 
posure is made using the same phase shift reticle 
6 shown in FIG.13 (a), and the negative resist 40 is 
developed thereafter to form a fine space pattern 
43 shown in FIG. 14 (b) which is formed by the 
edge pattern of the phase shift layer 7 of the phase 
shift reticle 6. The fine space pattern 42 which is 
formed in the negative resist 39 and the fine space 
pattern 43 which is formed in the negative resist 40 
intersect perpendicularly, and thus, fine rectangular 
hole 41 are formed at the intersections as shown in 
FIG. 14 (c). 

According to this embodiment, the fine rectan- 
gular holes which are formed have sharp edges 
and the corners of the holes do not become round- 
ed, similarly as in the case of the fourth embodi- 
ment. 

Next, a description will be given of a sixth 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG. 15. 

In this embodiment, a phase shift reticle 6a 
which is shown in a plan view in FIG.15 (a) is used 
for the first exposure. This phase shift reticle 6a is 
made up of a glass substrate 2a, and a plurality of 
oblong phase shift layers 7a arranged in parallel on 
the glass substrate 2a. 

Then, a phase shift reticle 6b which is shown in 
a plan view in FIG.15 (b) is used for the second 
exposure. This phase shift reticle 6b is made up of 
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a glass substrate 2b, and a plurality of oblong 
phase shift layers 7b arranged in parallel on the 
glass substrate 2b. The direction in which the ob- 
long phase shift layers 7b extend is perpendicular 
to the direction in which the oblong phase shift 5 
layers 7a of the phase shift reticle 6a extend. 

Prior to making the first exposure, a negative 
resist 39 is formed on the wafer 5, similarly as in 
the case shown in FIG. 12 (b), and the negative 
resist 39 is patterned by the first exposure using ;o 
the phase shift reticle 6a shown in FIG. 15 (a). As a 
result, fine space patterns 42 shown in FIG.15 (c) 
are formed in the negative resist 39 by the edge 
parts of the phase shift layers 7a. 

Next, prior to making the second exposure, a 75 
negative resist 40 is formed on the entire top 
surface of the wafer 5, similarly as in the case 
shown in FIG. 12 (c), and the negative resist 40 is 
patterned by the second exposure using the phase 
shift reticle 6b shown in FIG.15 (b). As a result, fine 20 
space patterns 43 shown in FIG.15 (c) are formed 
in the negative resist 40 by the edge parts of the 
phase shift layers 7b. 

The fine space patterns 42 and the fine space 
patterns 43 intersect perpendicularly to each other. 25 
Thus, a fine rectangular hole 41 is formed at each 
intersection of the fine space patterns 42 and 43. In 
this embodiment, the fine rectangular holes 41 are 
simultaneously formed with the arrangement shown 
in FIG.15 (d). 30 

Next, a description will be given of a seventh 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG.16. 

In this embodiment, a phase shift reticle 6a 35 
which is shown in a plan view in FIG.16 (a) is used 
for the first exposure. This phase shift reticle 6a is 
identical to that used in the sixth embodiment. 

Then, a phase shift reticle 6b which is shown in 
a plan view in FIG.16 (b) is used for the second aq 
exposure. This phase shift reticle 6b is made up of 
a glass substrate 2b, and a plurality of zigzag 
phase shift layers 7b arranged in parallel on the 
glass substrate 2b. The direction in which the zig- 
zag phase shift layers 7b extend is perpendicular 45 
to the direction in which the oblong phase shift 
layers 7a of the phase shift reticle 6a extend. 

Prior to making the first exposure, a negative 
resist 39 is formed on the wafer 5, similarly as in 
the case shown in FIG. 12 (b), and the negative 50 
resist 39 is patterned by the first exposure using 
the phase shift reticle 6a shown in FIG.17 (a). As a 
result, fine space patterns 42 shown in FIG.17 (c) 
are formed in the negative resist 39 by the edge 
parts of the phase shift layers 7a. 55 

Next, prior to making the second exposure, a 
negative resist 40 is formed on the entire top 
surface of the wafer 5, similarly as in the case 



shown in FIG. 12 (c), and the negative resist 40 is 
patterned by the second exposure using the phase 
shift reticle 6b shown in FIG.1 6 (b). As a result, fine 
space patterns 43 shown in FIG.16 (c) are formed 
in the negative resist 40 by the edge parts of the 
phase shift layers 7b. 

The fine space patterns 42 and the fine space 
patterns 43 intersect, and thus, a fine rectangular 
hole 41 is formed at each intersection of the fine 
space patterns 42 and 43. In this embodiment, the 
fine rectangular holes 41 are simultaneously 
formed with the arrangement shown in FIG.16 (d). 
In other words, by forming the zigzag along the 
edge part of the phase shift layer 7b. it becomes 
possible to arbitrarily set the positional relation- 
ships of the fine rectangular holes 41. and various 
positional relationships other than that shown in 
FIG.15 (d) becomes possible. 

Next, a description will be given of an eighth 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG.17. 

In this embodiment, a phase shift reticle 6a 
which is shown in a plan view in FIG.17 <a) is used 
for the first exposure. This phase shift reticle 6a is 
made up of a glass substrate 2a, and a plurality of 
square phase shift layers 7a arranged at predeter- 
mined intervals on the glass substrate 2a. 

Then, a phase shift reticle 6b which is shown in 
a plan view in FIG.17 (b) is used for the second 
exposure. This phase shift reticle 6b is made up of 
a glass substrate 2b, and a plurality of square 
phase shift layers 7b arranged in a checker board 
pattern on the glass substrate 2b. The square 
phase shift layers 7b are arranged so that edge 
parts of the square phase shift layers 7b are per- 
pendicular to edge parts of the square phase shift 
layers 7a of the phase shift reticle 6a. 

Prior to making the first exposure, a negative 
resist 39 is formed on the wafer 5, similarly as in 
the case shown in FIG.1 2 (b), and the negative 
resist 39 is patterned by the first exposure using 
the phase shift reticle 6a shown in FIG.17 (a). As a 
result, fine space patterns 42 shown in FIG.17 (c) 
are formed in the negative resist 39 by the edge 
parts of the phase shift layers 7a. 

Next, prior to making the second exposure, a 
negative resist 40 is formed on the entire top 
surface of the wafer 5, similarly as in the case 
shown in FIG.1 2 (c), and the negative resist 40 is 
patterned by the second exposure using the phase 
shift reticle 6b shown in FIG.17 (b). As a result, fine 
space patterns 43 shown in FIG.17 (c) are formed 
in the negative resist 40 by the edge parts of the 
phase shift layers 7b. 

The fine space patterns 42 and the fine space 
patterns 43 intersect, and thus, a fine rectangular 
hole 41 is formed at each intersection of the fine 
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space patterns 42 and 43. In this embodiment, the 
fine rectangular holes 41 are simultaneously 
formed with the arrangement shown in FIG. 17 (d). 
In other words, by appropriately selecting the 
shape of the edge part of the phase shift layers 7a s 
and 7b, it becomes possible to arbitrarily set the 
positional relationships of the fine rectangular holes 
41, and various positional relationships other than 
that shown in FIG.15 (d) becomes possible. 

Next, a description will be given of a ninth 10 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIGS.18 and 19. 

In this embodiment, a phase shift reticle 6 
which is shown in a plan view in FIG. 18 (a) is used 75 
for the first exposure. This phase shift reticle 6 is 
made up of a glass substrate 2, and a plurality of 
zigzag (or sawtooth shaped) phase shift layers 7 
extending parallel to each other on the glass sub- 
strate 2. 2Q 

Then, the same phase shift reticle 6 shown in 
FIG. 18(a) is used for the second exposure by shift- 
ing the position of the phase shift reticle 6 in the X 
direction from the position of the phase shift reticle 
6 at the time of the first exposure, as shown in 25 
FIG.18 (b). When the phase shift reticle 6 is shifted 
in this manner, the edge parts of the phase shift 
layers 7 during the first exposure intersect per- 
pendicularly to the edge parts of the phase shift 
layers 7 during the second exposure. 30 

Prior to making the first exposure, a negative 
resist 39 is formed on the wafer 5, similarly as in 
the case shown in FIG. 12 (b), and the negative 
resist 39 is patterned by the first exposure using 
the phase shift reticle 6 shown in FIG.18 (a). As a 35 
result, fine space patterns 42a shown in FIG. 19 (a) 
are formed in the negative resist 39 by the edge 
parts of the phase shift layers 7. 

Next, prior to making the second exposure, a 
negative resist 40 is formed on the entire top aq 
surface of the wafer 5, similarly as in the case 
shown in FIG. 12 (c). In addition, the same phase 
shift reticle 6 shown in FIG.18 (a) is shifted in the X 
direction by a predetermined distance by moving 
the X-Y stage which carries the wafer 5 and forms 45 
a part of the exposure apparatus, for example. As a 
result, the position of the phase shift reticle 6 which 
is used for the second exposure is relatively shifted 
with respect to the position of the phase shift 
reticle 6 which is used for the first exposure, as so 
shown in FIG.18 (b). In FIG.18 (b), the position of 
the phase shift reticle 6 used during the first expo- 
sure is indicated by a dotted line. Therefore, when 
the negative resist 40 is patterned by the second 
exposure using the phase shift reticle 6 shown in 55 
FIG.18 (a) which is shifted in position relative to the 
phase shift reticle 6 used during the first exposure, 
finB space patterns 42b shown in FIG.19 (a) are 



formed in the negative resist 40 by the edge parts 
of the phase shift layers 7. 

The fine space patterns 42a and the fine space 
patterns 42b intersect, and thus, a fine rectangular 
hole 41 is formed at each intersection of the fine 
space patterns 42a and 42b. In this embodiment, 
the fine rectangular holes 41 are simultaneously 
formed with the arrangement shown in FIG.19 (b). 
In other words, by appropriately selecting the 
shape of the edge part of the phase shift layers 7 
and appropriately shifting the position of the phase 
shift reticle 6 between the first and second expo- 
sures, it becomes possible to arbitrarily set the 
positional relationships of the fine rectangular holes 
41, and various positional relationships other than 
that shown in FIG.15 (d) becomes possible. 

According to this embodiment, there is an ad- 
ditional advantage in that the plurality of fine rec- 
tangular holes 41 can be formed simultaneously 
using only one kind of phase shift reticle 6. As a 
result, there is no need to change the phase shift 
reticle 6 between the first and second exposures, 
and the throughput of the lithography process is 
improved compared to the other embodiments. 

In the fourth through ninth embodiments, it is 
of course not essential for the edge part of the 
phase shift layer of the phase shift reticle which is 
used during the first exposure to intersect per- 
pendicularly to the edge part of the phase shift 
layer of the phase shift reticle which is used during 
the second exposure. As long as the edge parts 
intersect, it is possible to form a fine hole. In other 
words, it is possible to form fine holes having an 
arbitrary shape other than the rectangular shape. 

Therefore, according to the fourth through ninth 
embodiments, it is possible to form an extremely 
fine hole which exceeds the resolution limit of the 
imaging optical system and could not be formed 
by the conventional techniques. The contrast is 
particularly good according to these embodiments, 
because one resist layer is formed exclusively for 
each exposure. In other words, if a single resist 
layer were subjected to both the first and second 
exposures, the contrast of the hole which is formed 
would deteriorate by approximately 50%, and the 
edges of the formed hole would become rounded. 
However, such a contrast deterioration will not oc- 
cur according to these embodiments, and it is 
possible to form a fine hole having the designed 
shape with a high accuracy. 

Next, a description will be given of a tenth 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG.20. In this embodiment and the embodiments 
described hereafter, elements such as the wafer 
are not shown, but the same reference numerals 
will be used as in the previously described embodi- 
ments. 
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This embodiment forms a T-shaped pattern on 
the wafer 5. First, a positive resist 39 is formed on 
the wafer 5, and a phase shift reticle 6 having a 
phase shift layer (phase shift pattern) 7 as shown in 
a plan view of FIG.20 (A) is used for the first s 
exposure. The phase shift layer 7 of the phase shift 
reticle 6 includes a narrow part 7A. This narrow 
part 7A has a width such that the patterns gen- 
erated by the edge part of the narrow part 7A 
overlap and form a single line pattern. 

The positive resist 39 at parts other than the 
periphery of the phase shift layer 7 is exposed by 
the first exposure, and a resist pattern 42 shown in 
FIG.20 (B) is formed on the wafer 5. 

Then, a reticle 14 having an opening 16 in a 
light blocking layer 18 thereof as shown in FIG.20 
(C) is used for the second exposure. 

After the second exposure, the positive resist 
39 is developed, thereby forming a T-shaped resist 
pattern 42A on the wafer 5 as shown in FIG.20 (D). i 
A resist pattern 42 B which is indicated by a dotted 
line in FIG.20 (D) and is exposed during the first 
exposure is completely removed after the second 
exposure and the developing process. 

The reticle 6 used in this embodiment forms an 2 
embodiment of a mask according to the present 
invention. This reticle 6 includes the phase shift 
pattern 7 which is used to form a narrow line 
pattern by the edge part thereof, and the narrow 
part 7A which is used to form a line pattern which a 
is wider than that of the line pattern formed by the 
phase shift pattern 7. In other words, the phase 
shift pattern which uses the concept described 
above with reference to FIG.2 and the phase shift 
pattern which uses the concept described above 31 
with reference to FIG .4 coexist on the reticle 6. 

If the line width of the phase shift pattern 7 
which has a relatively large area in FIG.20 (A) were 
made narrow as in the case of the narrow part 7A, 
it would become unnecessary to form by the T- 4C 
shaped resist pattern by two independent expo- 
sures. However, the resolution of the pattern which 
is formed by the edge part of the phase shift 
pattern does not improve if the width of the phase 
shift pattern is narrow. This is the reason why the 45 
first and second exposures are made in this em- 
bodiment. For example, if the i-line is used as the 
exposure light and the numerical aperture NA of 
the optical system is 0.5, for example, the resolu- 
tion of the pattern formed by the edge part of the so 
phase shift pattern is 0.2 urn. However, the resolu- 
tion of the phase shift pattern which is only 0.15 
urn and narrow, for example, is only 0.35 um. 
Even if the width of the phase shift pattern is 
further reduced, the contrast would only deteriorate 55 
and the pattern which should be black would be- 
come gray. Therefore, the use of this embodiment 
of the mask, that is, the reticle 6 shown in FIG.20 



(A), is extremely useful in forming fine resist pat- 
terns. 

Next, a description will be given of an eleventh 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG.21. 

This embodiment forms a piled brick pattern 
on the wafer 5. First, a negative resist 39 is formed 
on the wafer 5, and a phase shift reticle 6 having 
phase shift layers (phase shift patterns) 7 as shown 
in a plan view of FIG.21 (A) is used for the expo- 
sure. The phase shift layer 7 of the phase shift 
reticle 6 includes a narrow part 7A. This narrow 
part 7A has a width such that the patterns gen- 
erated by the edge part of the narrow part 7A 
overlap and form a single line pattern. In addition, 
an interval 7B is provided between adjacent phase 
shift patterns 7 so that the patterns generated by 
the edge parts of the adjacent phase shift patterns 
7 overlap and form a single line pattern. 

The resist 39 at parts other than the periphery 
of the phase shift layers 7 is exposed by the 
exposure, and a resist pattern 42 shown in FIG.21 
(B) is formed on the wafer 5 after a developing 
process is carried out because the negative resist 
9 is used in this embodiment 

The reticle 6 used in this embodiment also 
includes the phase shift pattern 7 which is used to 
form a narrow line pattern by the edge part thereof, 
and the narrow part 7A which is used to form a line 
pattern which is wider than that of the line pattern 
formed by the phase shift pattern 7. In other words, 
the phase shift pattern which uses the concept 
described above with reference to FIG.2 and the 
phase shift pattern which uses the concept de- 
scribed above with reference to FIG.4 coexist on 
the reticle 6. 

Next, a description will be given of a twelfth 
embodiment of the pattern exposing method ac- 
cording to the present invention, by referring to 
FIG.22. 

This embodiment forms a curved piled brick 
pattern on the wafer 5. First, a negative resist 39 is 
formed on the wafer 5, and a phase shift reticle 6 
having phase shift layers (phase shift patterns) 7 as 
shown in a plan view of FIG. 22 (A) is used for the 
exposure. The phase shift layer 7 of the phase shift 
reticle 6 includes a narrow part 7A. This narrow 
part 7A has a width such that the patterns gen- 
erated by the edge part of the narrow part 7A 
overlap and form a single line pattern. In addition, 
an interval 7B is provided between adjacent phase 
shift patterns 7 so that the patterns generated by 
the edge parts of the adjacent phase shift patterns 
7 overlap and form a single line pattern. 

The resist 39 at parts other than the periphery 
of the phase shift layers 7 is exposed by the 
exposure, and a resist pattern 42 shown in FIG. 22 
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(B) is formed on the wafer 5 after a developing 
process is carried out because the negative resist 
39 is used in this embodiment. 

The reticle 6 used in this embodiment also 
includes the phase shift pattern 7 which is used to ; 
form a narrow line pattern by the edge part thereof, 
and the narrow part 7A which is used to form a line 
pattern which is wider than that of the line pattern 
formed by the phase shift pattern 7. In other words, 
the phase shift pattern which uses the concept n 
described above with reference to FIG.2 and the 
phase shift pattern which uses the concept de- 
scribed above with reference to FIG.4 coexist on 
the reticle 6. 

The resist patterns formed by the eleventh and is 
twelfth embodiments are particularly suited for use 
during the production process of a dynamic ran- 
dom access memory (DRAM), because the ORAM 
has active regions having the patterns shown in 
FIG.22 (B), for example. 20 

In the eleventh and twelfth embodiments, if the 
widths of the narrow part 7A and the interval 7B 
between the adjacent phase shift patterns 7 re- 
spectively are 0.15 urn, the i-line is used as the 
exposure light and the numerical aperture NA of 25 
the optical system is 0.5, the width of the resist 
pattern 42 becomes 0.35 urn. The upper limit of 
the widths of the narrow part 7A and the interval 7B 
in this case are 0.3 urn, and the width of the resist 
pattern 42 for this upper limit value is 0.5 urn. If 30 
the widths of the the narrow part 7A and the 
interval 7B are greater than 0.3 urn, two peaks 
would exist in the corresponding light intensity dis- 
tribution and the intended pattern cannot be ob- 
tained by the phase shift. 35 

According to the tenth through twelfth embodi- 
ments of the pattern exposing method the present 
invention and the embodiment of the mask accord- 
ing to the present invention, it is possible to form 
resist patterns having various kinds of shapes by 40 
use of the reticle 6 on which the phase shift pattern 
which uses the concept described above with refer- 
ence to FIG.2 and the phase shift pattern which 
uses the concept described above with reference 
to FIG.4 coexist. 45 

Of course, in each of the embodiments de- 
scribed above, it is possible to selectively use 
positive and negative resists depending on the 
desired resist pattern which is to be formed on the 
wafer. In addition, the first and second exposures 50 
may use opposite types of resists depending on 
the resist pattern which is to be formed. 

Further, the present invention is not limited to 
these embodiments, but various variations and 
modifications may be made without departing from 55 
the scope of the present invention. 



Claims 

1. A pattern exposing method for forming a pre- 
determined resist pattern (10, 30, 32, 34, 36) 
on a substrate (5), characterized in that said 
pattern exposing method comprises the steps 
of: 

(a) exposing a resist layer which is formed 
on the substrate (5) using a first reticle (6) 
which includes a first pattern for exposing a 
first corresponding pattern on the first resist 
layer by use of a phase shift of light trans- 
mitted through the first reticle; 

(b) exposing the resist layer using a second 
reticle (6, 14) which has a second pattern 
for exposing a second corresponding pat- 
tern on the resist layer by use of light 
transmitted through the second reticle, said 
second corresponding pattern overlapping 
at least a part of said first corresponding 
pattern; and 

(c) developing the resist layer so that a part 
of the first corresponding pattern is re- 
moved by the second corresponding pattern 
and the predetermined resist pattern (10, 
30, 32, 34, 36) is formed. 

2. The pattern exposing method as claimed in 
claim 1 , characterized in that said step (a) uses 
a first reticle (6) which has the first pattern 
which is defined by a phase shift layer (7) 
formed on a transparent reticle substrate (2), 
and exposes the first corresponding pattern on 
the resist layer using an edge part of the 
phase shift layer (7). 

3. The pattern exposing method as claimed in 
claim 1 or 2, characterized in that said step (b) 
uses a second reticle (14) which has the sec- 
ond pattern which is defined by a light bloc- 
king layer (18) formed on a transparent reticle 
substrate (2) and an opening (16) formed in 
the light blocking layer, and exposes the sec- 
ond corresponding pattern on the resist layer 
(40) using the opening (16) in the light blocking 
layer (18) of the second reticle (14). 

4. The pattern exposing method as claimed in 
claim 3, characterized in that said step (a) uses 
a positive resist as the resist layer. 

5. A pattern exposing method for forming a pre- 
determined resist pattern (41, 42. 42A) on a 
substrate (5), characterized in that said pattern 
exposing method comprises the steps of: 

(a) exposing a first resist layer (39) which is 
formed on the substrate (5) using a first 
reticle (6) which includes a first pattern for 
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exposing a first corresponding pattern on 
the first resist layer by use of a phase shift 
of light transmitted through the first reticle; 

(b) developing the exposed first resist layer 
(39); 

(c) forming a second resist layer (40) on the 
entire surface of the substrate (5) including 
a top of the first resist layer (39); 

(d) exposing the second resist layer (40) 
using a second reticle (6, 14) which has a 
second pattern for exposing a second cor- 
responding pattern on the second resist lay- 
er by use of light transmitted through the 
second reticle, said second corresponding 
pattern overlapping at least a part of said 
first corresponding pattern; and 

(e) developing the second resist layer (40) 
so that a part of the first corresponding 
pattern is removed by the second corre- 
sponding pattern and the predetermined re- 
sist pattern (41, 42, 42A) is formed. 

6. The pattern exposing method as claimed in 
claim 5, characterized in that said step (d) 
uses a second reticle (6) which exposes the 
second corresponding pattern on the second 
resist layer (40) by use of a phase shift of light 
transmitted through the second reticle. 

7. The pattern exposing method as claimed in 
claim 6, characterized in that said step (a) uses 
a first reticle (6) which has the first pattern 
which is defined by a phase shift layer (7) 
formed on a transparent reticle substrate (2), 
and exposes the first corresponding pattern on 
the first resist layer (39) using an edge part of 
the phase shift layer (7). 

8. The pattern exposing method as claimed in 
claim 7, characterized in that said step (d) 
uses a second reticle (6) which has the second 
pattern which is defined by a phase shift layer 
(7) formed on a transparent reticle substrate 
(2), and exposes the second corresponding 
pattern on the second resist layer (40) using 
an edge part of the phase shift layer (7). 

9. The pattern exposing method as claimed in 
claim 6 or 7, characterized in that said first 
corresponding pattern at least includes a first 
part which intersects perpendicularly to a sec- 
ond part of said second corresponding pattern 
on the substrate (5). 

10. The pattern exposing method as claimed in 
claim 9, characterized in that the first and 
second parts of the first and second corre- 
sponding patterns have an oblong shape. 



11. The pattern exposing method as claimed in 
claim 10, characterized in that the first and 
second parts have zigzag contours. 

5 12. The pattern exposing method as claimed in 
any of claims 6 to 11, characterized in that 
said steps (a) and (c) use a negative resist as 
the first and second resist layers (39, 40). 

io 13. The pattern exposing method as claimed in 
claim 12. characterized in that the predeter- 
mined resist pattern formed by said step (e) 
corresponds to a hole (41 ). 

is 14. The pattern exposing method as claimed in 
any of claims 6 to 13, characterized in that the 
first and second reticles (6) used by said steps 
(a) and (d) are identical, and one of the first 
and second reticles is used at a position which 

20 is shifted relative to the other between the two 

independent exposures made in said steps (a) 
and (d). 

15. The pattern exposing method as claimed in 
25 claim 5, characterized in that said step (a) uses 

a first reticle (6) which has the first pattern 
which is defined by a phase shift layer (7) 
formed on a transparent reticle substrate (2) 
and having first and second phase shift parts, 
so and exposes the first corresponding pattern on 

the first resist layer (39) using edge parts of 
the first and second phase shift parts, said first 
phase shift part having a width such that a 
closed ring pattern is exposed by the edge 
35 parts thereof, said second phase shift part hav- 

ing a width narrower than that of the first phase 
shift part so that patterns exposed by the edge 
parts thereof overlap in the form of a single 
line pattern. 

40 

16. A pattern exposing method for forming a pre- 
determined resist pattern (42) on a substrate 
(5). characterized in that said pattern exposing 
method comprises the steps of: 
« (a) exposing a resist layer (39) which is 

formed on the substrate (5) using a reticle 
(6) which includes a pattern for exposing a 
corresponding pattern on the resist layer by 
use of a phase shift of light transmitted 
50 through the reticle, said pattern of the reticle 

being defined by a phase shift layer (7) 
formed on a transparent reticle substrate (2) 
and having first and second phase shift 
parts (7, 7A); and 
> 5 (b) developing the resist layer (39) so that 

the predetermined resist pattern (42) is 
formed on the substrate, 

said step (a) exposing the correspond- 
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ing pattern on the resist layer (39) using 
edge parts of the first and second phase 
shift parts (7, 7A), said first phase shift part 
(7) having a width such that a closed ring 
pattern is exposed by the edge parts there- 5 
of, said second phase shift part (7A) having 
a width narrower than that of the first phase 
shift part so that patterns exposed by the 
edge parts thereof overlap in the form of a 
single line pattern. ;0 

17. The pattern exposing method as claimed in 
claim 16, characterized in that said step (a) 
uses a negative resist as the resist layer (39). 

15 

18. A mask for use in exposing a predetermined 
pattern (42) on a resist layer (39) which is 
formed on a substrate (5) using a shift in 
phase of light transmitted through the mask, 
characterized in that said mask comprises: 20 

a transparent reticle substrate (2); and 

a phase shift layer (7) formed on the trans- 
parent reticle substrate (2) and having first and 
second phase shift parts (7, 7A), said first and 
second phase shift parts (7, 7A) having edge 25 
parts defining the predetermined pattern (42) 
which is exposed on the resist layer (39), 

said first phase shift part (7) having a width 
such that a closed ring pattern is exposed by 
the edge parts thereof. 30 

said second phase shift part (7A) having a 
width narrower than that of the first phase shift 
part so that patterns exposed by the edge 
parts thereof overlap in the form of a single 
line pattern. 35 

19. The mask as claimed in claim 18, character- 
ized in that the width of said second phase 
shift part (7A) is 0.3 urn at the maximum when 

an exposure light is an Mine and a numerical to 
aperture of an optical system used for the 
exposure is 0.5. 

20. The mask as claimed in claim 18 or 19, char- 
acterized in that an interval (7B) of two mutu- 45 
ally adjacent first phase shift parts (7) is 0.3 

M-m at the maximum when an exposure light is 
an i-line and a numerical aperture of an optical 
system used for the exposure is 0.5. 
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FIG. I 
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FIG. 2 PRIOR ART 
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FIG. 3 PRIOR ART 
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FIG. 6 PRIOR ART 
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FIG. 8 PRIOR ART 
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FIG. 9 
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FIG. 1 6 
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